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US 5,585,178 discloses an adhesive tape that comprises an adhesive layer comprising two 
different adhesives and wherein on© of the adhesives extends laterally continuously and the 
other extends discontinuously. la one of the embodiments, one of the adhesives can be a 
5 pressure sensitive adhesive and the other a curable adhesive. 

US 6,565,969 discloses an adhesive article comprising a bondable layer having on at least 
one m^or suifece a layer of ijressure sensitive adhesive, wherein the bondable layer 
comprises a thermosetting material^ a theimoplastic material, or a hybrid material, wherein 
10 the pressure sensitive adhesive layer substantially retains pressure sensitive adhesive 
characteristics after storage at room temperature for at least about three months prior to 
bonding the adhesive article, and the adhesive article im an overlap shear measured at room 
temperature according to ASTM D-1002-94 of at least about 6.9 MPa after bonding as well 
as a method for making an adhesive aitiole. 

15 

JP 03-14888 discloses an adhesive sheet that comprises on a non-woven cloth or on a fihn 
backing areas of a curable adhesive and areas of a pressure sensitive adhesive on the same 
side of the sheet. The areas, of curable adhesive and areas of pressure sensitbtre adhesivo can 
be on only one or both sides of the sheet It is disclosed that this allows for the adhesive 
20 sheet tQ bond at normal conditions and allows for increasing the strength of the bond upon 
activating of the areas of curable adhesive. 

Notwithstandmg the various solutions disclosed in the ait using hybrid constmctions of a 
pressure sensdtive adhesive and a structural bonding adhesive, there remain problems to be 

25 solved, in particular in respect of bonding components of a motor vehicle. For example, 
when a motor yehicle is involved in a crash, there is the potential for bonded components to 
dislodge from the vehicle tiiieieby creating danger for anyone near the crasL It would Hm 
be desirable to impiove the impact strength of the structural bond created. Additionally^ in 
the maou&ctuting of motor vehicles, components to be bonded together are jSreqoently in a 

30 vertical position requiruo^ clamping of the components^ Although^ the art has sought to 
solve this problem using a hybrid consixaction of a pressure sensitive adhesive and a curable 
adhesive. But» the curable adhesive fiequently will be a heat curable adhesive and during 

■ 
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the heat cycle» the pessme sensitive adhesive may still fail to hold the ciontponqats together 
until a sufficiently strong b.ond is seated through the curable adhesive, which oftm shows a 
redaction in viscosity wUch pxomotes wetting; enhances adhesion and ^cilitetes oil 
absorption or displacemeot Fmthexmore, in the automotive industy, components, in 
5 particular metal con^onents may be covered with oil, which may reduce the capability of 
the pressure sensitive adhesive to hold the components together while activating the curable 
adhesive. 

It would thus be desirable to find a fiirthar sttuctuja] adhesive that pzovJdes good impact 
10 strength and/or lhat is C£Q)able of holding components together without clamping during the 
activating cycle of the structural adhesive. It wiU generally also be desired that such 
adhesive can be in tape fomi and be conveniently manufactured in a cost effective way. 
Desirably, Ihe adhesive tape will be compatible with manu£acturing procedures used in the 
automotive industry, in particular be capable of also bonding components with an oily 
15 sui£icet 

3. Smnmary of Ihe invention. 

The present invention provides in one aspect, an adhesive for bonding conqsonents in a 
20 motor vehicle. The adhesive can be in tape form and comprise a continuous or 

discontiauoiis metal layer having opposite first and second major sides, each of the first and 
second major aides having an adhesive layer defining an adhesive surface on the first and 
second major sides. The adhesive layer on Qie first and second major sides comprises 
domains of pressure sensitive adhesive and domains of an activatable adhesive composition. 
25 Each of the domains define a part of the surface of the adhesive layer* 

■ 

It has been found that the adhesive tape can be used to hold components together without ihe 
need for clamping while activating the activatable adhesive composition^ in particular if the 
activatable adhesive composition is activated by heating. In particular, it has been found 
30 tbat the use of the metal layer provides excellent bond strength during the activation of the 
activatable adhesive even under high loads. Furthennore, the structure of domains of 
activatable adhesive composition and domains of pressure sensitive adhesive can provide 
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bonds that h<ive improved impact resistance in comparison to a bond created with only ttie 
activatable adhesive. This ejBfect is independent of the use of the metal foil and pxx>vides in 
particular advantages when bonding components of a motor vdbdcle together. Thus, if only 
the impact strength of the bond is of concera, the metal foil may be left out to create a layer 
5 comprising the domains ofth© pressure sensitive adhesive and activatable Such 
layer may be supported on both sides with a release liner that is removed prior to bonding 
components together. Alternatively, one may use another support such as paper, woven or 
non-woven of a plastic fihn instead of the metal foil. 

10 Accordingly, in a further aspect, the present mvention provides a method of adhaing 
components of motor vehicles together. The method comprises (i) profviding an adhesive 
tape between the components to be adhered together, said adhesive tape coniprismg opposite 
first and second major adhesive surfkce, each of said first and second msgor adhesive surface 
bemg defined by an adhesive layer that comprises domains of pressoi© sensitive adhesive 

15 and domains an activatable adhesive composition, each of said domains defining a part of 

■ 

the swfeco of the adhesive layer; and (ii) cross-lirikmg said domains of activatable adhesive 
composition. 

« 

By the tetm 'pressure sensitive adhesive* as used in connection with the present invention. 
20 there is meant an adhecave that f<»m$ an adhesive bond upon the application of pressure. 

Generally it will be desired that the pressure sensitive adhesive is capable of fotming shear ! 
strength of at least 0.5MPapreferabl}f, at least l.OMpa (ASTMD-1 002-94) upon the 
^plication of pressure at ambient ten^eratuce, i.e. 20 to 40^C. 

25 By the term 'activatable adhesive' is meant an adhesive composition that requires activation 
to form a bond, in particular a peimanettt bond By •activation* is meant that the adhesive 
composition is exposed to heat or is irradiated with for example UV, visible light or e-beam 
to cause the bond to form. Generaily> a structural bond should be formed that has a shear 
strength of at least 2 Mpa. preferably at least 6.$Mpa. more preferably at least ISMPa 

30 measured according to ASTM D-1002-94. The activatable adhesive composition may or 
may not have pressure sensitive adhesive properties^ althougjb, when present^ these may not 

■ 
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b$ retained on oily substrates nor vnll these pioperties genially be retained through a typical 
activation cycle used m forming a permanent or structural bond. 

4. Bdefdesdiption of the drawings 

5 The invention is illustrated widi reference to schioinatic drawinigs repxesentbg certain, 
^dbodiznents of the invention ^Ihout however the intention to limit the invention thereto: 
Figure 1 and 2 shows a top view of two different embodiments of the adhesive tape. 
Figure 3 is a ciosSHsection along line A-B of the tape shown in figure 1 
Figure 4 shows the cross**section of an alternative embodiment of the adhe^ve tape. 

10 

5. Detailed description 

The adhesive tape in connection with the present invention compn&es in one embodiment, a 
metal layer. The metal layer may extend as a continuous layer throughout the adhesive tape 
or the metal foil may ext^d discontinuous along one or botibi orthogonal axes that aiie 

15 parallel to the major sur&ce of the adhesive tape. On both opposite major sides of the metal 
layer, fhe,adhesive tape has an adhesive layer defining adhesive suri&ces on both major sides 
ofthe adhesive tape. In accordance with the present invention, Ihe adhesive surface of the 
adhesive layear is defined by domains of pressure sensitive adhesive and domaixis of 
activatable adhesive. Thus^ the domains ofthe activatable adhesive and pressure sensitive 

20 adhesive are arranged in a single layer eocteoding acioss the length ofib& adhesive tape, 
lather than the pressure sensitive adhesive being arranged in a discon 
way on a layer of the activatable adhesive. 

The domains of pressure sensitive adhesive provide a tacky surface so that the tape can be 
25 used to adhere two components together by application of pressure. Tj^ically, the pressure 
sensitive adhesive will be tacky and capable of adhering con^onents together in a 
temperature range of 5 to 200''C» typically between 10 and ISO^'C. The activatable adhesive 
when activated will provide the final bond strength ofthe components that are bonded 
together by the adhesive tape. During activation, there may be an overlap in properties 
30 where the pressure sensitive adhesive is decreasing in strength due to activation by for 
exatpple an increasmg temperature and the activatable adhesive is increasing in strength. 

I 
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Hie thickaess of the adhesive layer is genemlly between 0,1 mm md 2.pmm, prefeiably 
between 03 mm and l.Qnmi. The domaim of pressure sensitive adhesive and activatable 
adhesive conqjosition may be of the same thickness or di£fereot fhickness. 

5 

In aocoiidance with one of ibs embodimarts of ihe present invention, flio adhesive tape 
iudodes a metal layer. The metal layer may be provided as a continuous layer or as a 
discontimjous l^er. Wheupiovided as a discontinuons layer, the metal layer is preferably 
configured such that the metal Jayear is prescat in the domains of pteasuiB sensitive adhesive 

10 while beii<g absent in domains whae the activatable aidheave is Urasinsuch 
embodiment, in the laressui© sensitive adhesive domains, the piessure sensitive adhesive 
would be interrupted by the metal layer when the adhesive tape is viewed in a cross^iection 
along the thickness of &e adhesive tape, hi the domams of activatable adhesive, the 
activatablo adhesive would not be intemipted. Such a configuiatian maybe advantageous m 

15 optimizing the strength of the final structural bond created in that no additional mtec&ces 
are created in ^bs areas of activatable adhesive. 

By the tenn metal layer m connection with the present invention it is generally understood a 
metal foiL Ihe metal layer may be of any metal or combaiation of metals. Suitable metals 

20 include &rexan5)leahuninHm, steel, cuppct; zinc, tin and the like. Ihe choice of metal M 
• win typically depend on the nature of components bang bonded together as well as OJi 
consideration of cost Typically when one of the components to be bonded is a metal or has 
a metalUc surface, the metal of the metal layer should be chosen such as to avoid potential 
corrosion problems or to actively inhibit snbstrate corrosion. The thickness of the metal foil 

25 should genaraUy be selected so as to maktain the desired flexihiKty in the adhesive tape. 
Conveniently the metal layer will have a thickness between 0.01mm and 0.3mm, preferably 
between 0.05mm and 0. Imno. 

« 

The metal foil may be treated and/or provided with one or more primer layers to improve the 
30 adhesion of the pressure sensitive adhesive and/or activatable adhesive compositioii hereto. 
Examples of treahnents include cheosdcal etching for example acid or alkali treatments for 
alnminum and anodizing for example chromic acid, sulphuric add or phosphoric acid 
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anodizing; flame tteatmente, laser trestoent. plasma treatments and inadiation techniques 
for enhandng sorfiuse attachment of adhesives to metal or nott-metal foils. TJxe provision of 
conveision coatings on metals to provide increased durabiHty and improved adhesion may 
also be employed and these processes could include mechanical, mechaao-ohemical or 

S flame^hemical suifece twatments such as use of a silane applied by flame ptoce$sing as 
sold by Pyioffll™ or for aluminum vehicte repair appUoations as provided by Sura 
Ihstniments GmbH. Prussingsttasse 27B D-07745 Jena. Germany. Examples of suifeoe 
activating and surfiice protecting primer layers include application of thin layers of silanes, 
epoxies. phenolics and other preparalions and organic and inorganic coatings and 

1 0 passivating layers such as titania and/or zitconia pietreatments as sold by Henkel 

Corporation under the name Alodine™ 2040 and other similar treatments (see for example 
Dr Wolf ABoland,MetalFinishinsDecember 1993 p 57. Suitable techniques are outlined 
ft>r escample in RF Wcgman "Suifece Preparation Techniques for Adhesive Bonding" Noyes 
, New Jers«y USA ISKN 08155-1198-1 and RC Snogren ; Handbook of Surfece Preparation. 

15 PahnertoaPubBtogCo.Sac;N5r,IibraryofCongr6ss#73-91040andbyJDeai^ 
Handbook of Aluminum Technology and Data; Marcel Dekker ISBN 0-/8247-8817-6. 

In accordance with another embodiment of the mvention, flxe metal layer maybe dispensed 
with. An adhesive tape wthout the metal layer will generally have a lower perfbimance in 

20 holding componerrts together whUe activating the activatable adhesive, inpartieular whfle 
acUvating the latter with heat. However, an adhesive tape withoutihe metal layer still offers 
an advantage of improved impact resistance. When no metal layer is present, it maybe 
replaced by another supportmg layer such as for example paper, a non-woven, woven or a 
plastic film. Alternatively, no supporting layer may be used such IJiat both adhesive surfeces 

25 of flie tape are defined by a single adhesive layer contaiuing domains of pressure sensitive 
adhesive and domaiis of activatable adhesive. 

la accordance with the present invention, the adhesive t^e may fcrtber comprise a release 
liner protecting the adhesive surfaces of the adhesive tapa Whan flje adhesive tape is 
30 provided on a roll, the adhesive surfaces can be protected by one release liner have a release 
surfece on both of its major sides. If the adhesive tape is provided in sheet fiwm, it will 
typically b 6 desired to provide a release liner on bo& major sides of the adhesive tape. As 
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release liner, any of the release linexs suitable forprotectipg a pressure sensitive adhesive 
surface maybe used. Typically such xelease liner vdll be a paper or plastic film having a 
siUcone release sur^ce or a low surfece energy polymeric fihn containing no siKcone for 
example in applications where the use of siHcones is not desired such as in manu&ctuzing 
5 lines where painting occurs. Suitable noct- silicone containing release liners include for 
exMnple fluoropolymer based release linets or polyolefins. 

The adhesive tape can be manu&ctured by ptovidiing domains of pressote senaitrvD adh^e 
on a release liner and coating the remaining poitioas of the release liner with an activatable 
10 adhesive composition so as to obtain an adhesive layer defined by domains of pressure 
sensitive adhesive and activatable adhesive. . If it is desired to have a metal layer in the 
adhesive tape, the so obtained adhesive layer may be laminated on both sides of ametal foil. 
It will be appreciated by one skilled in the art that the adhesive layer laminated to both sides 
may be of a different configuration or may be composed of pressure sensitive and 
15 activatable adhesive of different compositions. Alternatively, when a metal layer is used the 
adhesive tape may be manufictured by providing domains of pressure sensitive adhesive on 
the metal layer instead of on a release Imer and then subsequently coating the mnaim'og 
portions of the metal layer with an activatable adhesive composition. Also, when coating 
Iheiemainingportions of the release Kner ormetal layer wifli the activatable adhesive 
20 conqjositton. it will generally be desired to cover the domains of pressure sensitive adhesive 
on the release liner ormetal layer with a fiuther release liner to avoid contamination of the 
pressure sensitive adhesive domams wifli the activatable adhesive couDpositioa. 

The domains of pressure sensitive adhesive may be coated on the release liner or metal layer 

25 by a suitable coating technique or the domains may be fomied by die cutting a continuous 

pressure sensitive adhesive layer to remove portions of the pressure sensitive adhesive 

thereby forming domains that can subsequently be fiUed with the composition of activatable 
adhesive. 

30 Still firflier, if an adhesive tape is desired having a discontinuous metal layer, a pressure 
sensitivB adhesive layermay be laminated or coated on both sides of a metal foil. The metal 
foil having a pressure sensitive adhesive layer on both of its m^or sides may then be die out 
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Thepressnre sensitive adhesive used in connection wiij, the piesent invention is preferably 
an acijdio based pressure sensitive adhesive but other pressure sensitiva adhesives are 
contemplated as well and may be used. Such other pressure sensitive adhesives include for 
example those based on silicone? or based onpolyolefins as disclosed in Handbook of 
5 Pressure Sensitive Adhesive Technology (fWid edition) D.Satas. Bd. Satas and Associates, 
Warwick Rl/USA, 1989 on pages 550-556 and 423-442 respectively. 

Particular eucaraples of suitable pressure sensitive adhesives usefel in the pressure sensitive 
adhesive domauis include, but are not Ihnited to, adhesives based on general compositions 
10 ofpoly(meth)acrylate; polyvinyl ether, dienerubber sucih as natural rubber, pol^^ 
and polyfautadiene; polyisobutylene; polychloroprene; butyl rubbeijbaladiene-aciytomliile 
polymer; thermoplastic elastom«!n block copolymers such as stytena-isoprtsne and styrene- 
isoprene^tyrene (SIS) blocJc copolymers, ethylea&-pK)pylea&-diene polymere, and slyitoe- 
butadiene polymers; poly-alpha-olefin; amorphous polyolefin; dlicone; etbyleoe-containing 
15 copolymer such as ethylene vinyl acetate, ethylaciylate, and ethyl mefhactylat^ 

polyurefliane; polyamide; epoxy, polyvinylpynolidone and vinylpynolidone copolymfirs; 
polyesters; and mixtures or blends of the above. The pressure sensitive adhesive 
composition may contain additives including, but not Ihnited to. tackifiers, plastidzets, 
finers, antioxidants, stabili4ers, pigments, diffi»sh« materials, curatives, fibers, fOamants. 
20 and solvents. 

Adhesives that be used to bond to substrates havmg a low surface energy or oily 
surfices, indude for example pressure sensitive adhesives based on an aciyUc copolymer of 
one ormore alkyi esiejra of a«rylio ormethacryUo acid and a vioorl ester as disclosed in for 
25 example BP 1 318 181 or a pressure sensitive adhesive as disclosed in BP 1 245 656 whidi 

discloses apresMTO sensitive adhesive compositicai that contains (i) tile reaction pio^^ 
obtainable fiom a precusor composition comprising one ormore alkyl esters of acrylic or 
m^jaaylic acid, one or more copolymerizable monomers that have a Lewis base 
functionality and optioiiaUy one or more cross-linkers and (ii) one or more tadd^g njsms. 

30 . 
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Still flirther pressure seaositive adhesive that may be particulariy useful fox adhesion to an 
oily surface are disclosed in WO 95/13331. The pressure sensitive adhesive disclosed m 
WO 95/1333 1 comprises the polymerization product of: 

(a) 25-97 parts by weight of an aciylic acid ester of a monohydric alcohol whose 
homopolymer has a Tg of less than 0*C; 

(b) 3-75 parts by weight of a non-polar efiiylenically unsaturated monomer whose 
homopolymer has a solubility parameter of no greater than 10.50 and a Tg 
greater than 15*^0; and 

(c) 0-5 parts by weight of apolar elhylenically unsaturated monomer whose 
homopol>mer has a solubility parameter of no greater than 10.50 and a Tg 
greater than 15^C. 

The relative amounts of the acstylic acid ester, non-polar ethylenically unsaturated monomer 
and the polar ethylenically unsaturated moniMner are lypicaUy chosen such that the 90*p©el 
adhesion of the pressure sensitive adhesive to a surface provided with 1 .5 +/- 0.2 mg«n^ oil 
is greater than 0 after 10 second dweD time at room temperature as measured accordiiig to 
Test procedure B-n described in WO &5/13331, The measurement of the solubifitjr 
parameter and of fte Tg is al$o disclosed in the PCT ^plicaticm. Examples of suitable polai 
and non<-polar monomers are as described in said IPCT ^phcation. 



20 Suitable oommerdally available pressure sensitive ai 
available from 3M conqpauy 
under the desigoation VHB. 



ives include those commerctally 



Activatable adhesive composition 

25 The activatable adhesive composition is typically a coroposiiion that upon activatmg 

provides a structural bond. The structural bond preferably has a T peel strength of at least 
S0N/2Snmi> more pre&rably at least lOON/2Smm when tested according to the methods 
outlined under ASTM Dl 876. The adhesive composition may be activated by exposure to 
heat or by kradiating the composition with light, for example visible light, UV-light or by 

30 irradiation with e-beam. Upon actLvatian» the adhesive composition may cross-link or cure» 
i.e. a so-called themiosetting adhesive or the adhesive composition may melt thereby 
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"wettxag out &e sur&ce and &>nmng a bond upon cooling. Still fiirfher, the adhesive 
con^osition xtiay be conapiised of a so-called hybrid material. 

The tenn "thermosetting" as used herein refers to a material, wMch undeigoes a curing 
5 reaction that results in a chemical change upon bonding and an increase in the hardness of 
the material. The term "fltenno$et" as used herein refers to a thermosetting material, wMch 
has been cured. A thermosetting material may generally be bonded by application of heat, 
actmio radiation such as UV, visible, or infrared, or microwave or X-ray energy. 

]Q The tsaa '*themioplastic" as used herein refers to a material wMcih undergoes a physic^ 
change upon the application of hea^ ie«, the material flows upon bonding and returns to its 
initial non-flowing state upon cooling* A tbennoplastic materia] is typically bonded by 
^plication of heat 

15 The term 'Qiybrid material*' refers to a material which is a combination of at least two 

components, wherein the at least tv^o components are comparible in the melt phase (the melt 
phase is where the combination of the at least two components is a liquic^, the at least two 
components fonn an inteipenettalii^polyaiernet^^ 

network, and at least one component becomes infiisible (ie., the component cannot be 
20 dissolved or melted) after application of heat or by other means of curing such as application 
of light A hybrid material will be described in more detail below, A hybrid material may 
generally be bonded by application of heat, actinic radiation such as UV, visible, or infrared, 
or microwave or X-ray energy. 

m 

25 A hybrid material is, fbr the purpose of the present invention, mutually exclusive of the 
classes of thermosetting and thermoplastic materials defined herein^ In other words, 
^ thermosettiQg materials and any opdonal additives or thermoplastic materials and any 

optional additives will be considered non-hybrid materials if they do not meet the definition 
of hybrid material as defined herein. 

30 

Thennosetting Material 
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Suitable themiosetting xnaterials inchide epoxides, iirethanes, cyanate esters, bismaleimides, 
phenolics, mcliidiog xritrite phenoKcs, and wy combinatioiis thereof 

5 Suitable epoxides include those coiitaimng at least two l^Z-cyclic ethers. Such compounds 
can be saturated or unsaturated, aliphatic aromatic or hcteropyolio, or can coii?>rise 
combinations thereof. Suitable epoxides tnay be solid or liquid at room tenqj^ratare. 



10 



15 



20 



15 



30 



Compounds containing at least two epoxide groups (i.e., polyepoxides) are preferred. A 
combination of epoxide compounds maybe employed, and an epoxide having a 
functionality of less than two maybe used in a combination so long as the overall epoxide 
fimctioxjiality of the mixture is at least two. The polymeric epoxides include linear polyra^ 
havins terminal epoxy groups (e.g., a diglycidyl efher of a polyoxyalkylene glycol), 
polymers having skeletal oxiwne units (e.g., polybutadiene polyepoxide), and polymers 
having pendent epoxy groups (e.g., a glyoidyl methacrylate polymer Or copolym^). ft is also 
within the scope of this invention to use amaterial with functionality in addition to epoxide 
functionality but which is essentially unreaotive with the epoxide funotionaJityi for example 
a material containing both epoxide and aayHc fimcdonality. 



A wide variety of commeicial qioxides are available and listed in ^Handbook of Epoxy 
Resins" by Lee andNeviUe, McQrawHiU Book Company, New York (1967) and in "Epoxy 
Resin Technology" by P. F. Bruins. John Wil^ & Sons, New York (1968), and in 'Bpoxy 
Resma: Chemistry and Technology, 2nd Edition" by C A. May, Ed^ Maicei Dekker , Inc. 
New York (1988). Aromatic polyepoxides (i.6,, compounds containing at least one aromatic 
ring stmitoe, e.g., a benzene ring, aud at least two epoxide groups) that can be used in the 
present iirvention include the polyglyddyl ethers of polyhydric phenols, such as Bisphenol 
A- or Bispheaol-F type resins and their derivatives, aromatic polyglycidyl amines (e.g., 
polyglycidyl amines of benzenamineSjbeuzmie diamines, naphthylenamines, ornaphthylene 
diamines), polyglycidyl ethers of phenol formaldehyde resole or novolak resins; resorcinol 
diglycidyl e&er; polyglycidyl derivatives of fluorene-type resins; and glycidyl esters of 
aromatic caiboxylic adds, e.g^ phthalic acid diglycidyl ester, isophthalic acid diglycidyl 
ester, trimelUtic acid triglycidyl ester, and pyromellitic acid tetraglycidyl ester, and mixtutBS 
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tliaeol Prefeired aromatic polycpoxides arc the polyglycxdyl &tbm of polyfaydric phenols, 
such as the series of diglycidyl ethexs of Biq)heiLol-A coxmnercially available fiom Shell 
Chemical Inc., Houston, Tex., for example, under the tmde designadons "EPON 828" and 
"BPON 1001 F" and the series of diglycidyl ethers of Bispheaol-A and Bisphenol F and their 
blends conwxxerciaUy available fiom Shell Chanical Inc., for example, mder the trade 
designations "Epikote 232" and "Bpik(«e 1001" available from Shell Chemical ic. Pemis, 
The Kethedands. Other nseful connaeicially available aromatic epoxides include fhe 'DER" 
series of Bisphenol epoxides, and "DEN*' series of epoxy novolak resins available from Dow 
Chemical, Midland, Mick, diglyddyl ettier of fluarene Bisphenol, available fiom Shell 
Chemical Inc.. Houston, Tex^ under the trade designatiati *'EPON HPT Hesin 1079^ a 
triglycidyl derivative of p-arainophenol commercially available fiom CSba Ferfbxmance 
Polymers, Brewster, NX under the trade desighadon •'MY 0500", a tetcaglycidyl derivative 
of methylene dianiline commercially available fiom Ciba Pofoimaace Polyra^ra, Brew^t^^ 
N. Y. under the trade designation *MY 720". Flame retardant epoxides may also be used, for 
example, the flame retardaat brominated Bispheaol-A diglycidyl ether comm0)[CiaIly 
available fiom Dow Chemical, Midland, Mich., under the trade designation *T)BR 580". The 
term "derivative" as used herein with reference to thermosetting materials refers to a base 
molecule with additional substitueats that do not interfere with flie thennosetting bonding of 
the base molecule. 

Represeatative aliphatic cyclic polyepoxides (i.e., cyclic compounds containing one or more 
saturated carboqyclic rings and at least two epoxide groups, also known as alicyclic 
compounds) useful in the present mvention include the series of alicyclic epoxides 
commercially available fiom Union Carbide Corp., Danbury, Coddqu, under the trade 
designation "ERL", such as vinyl cyclohex^ dioxide ("ERIr4206"), 3,4- 
epoxycyclohexyknelhyl-3,4-epoxycyclohexaue carboxylate ("ERL4221'0, 3,4-epoxy-6- 
Tnethylcyclohexylmethyl-3,4-q?oxy-^-methyloyclohexam carboxylate ("ERL-420r), 
bis(3,4-epoxy-6-methylcyn^lohexyhnethyI)adipate ("ERL-42S9"), and dipentenedioxide 
("BRL-4269"). 

Representative aliphatic polyepoxides (ie., compounds containing no carbocycUc rings and 
at least two epoxide groups) mclude l,4-bis(2,3-epoxypropoxy)butaue, polyglycidyl ethers 
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of aliphatic polyols such as glycerol, polypropylene glycol, 1,4-butanediol, and the lik^ the 
diglycidyi ester of linoleic acid dimer, epoxidized polybutadiene (for example, those 
available under the trade desi^mtion "OXmON 2001 " from FMC Corp., Philadelphia, Pa 
or Toly bd" fioxa Blf Atoohem, Philadelphia, Pa), epoxidized aliphatic polyurethanes, and 
5 epoxy silicones, e-g., dimeOiylfiiloxaaes having cydoaliphatic epoxide or glycidyl ether 
groups. 

Examples of suitable qpoxide-based bondable layers that are commerciaUy available in film 
fonn include those available from Minnesota Mining and Maaufacturing Company ("3M"), 
10 St Paul, Minn, under the trade designation '^M Scotch-Weld Structural Adhesive Film" 
including those having Uie foUowing "AF" designations: "AF 42", "AF II 1 "AF 126-2", 
"AP 163-2", "AF 3109-2", "AF 191", "AF 2635". "AF 3002", "AF 3024", and "AF 
3030FST". 

15 In one embodiment, a thermosetting activatable adhesive comprises a fusible qpoxidc 
prepolymer (which can melt.and flow unlike a B stage lesin) which is a solid at room 
temperature and, more preferably, fiicflier comprises a second epoxide cranponent which 
may be solid or liquid at room tempCTatuie. Suitable solid fusible epoxide prepolymers 
include those described above which are a solid at room texnpMture. 

20 

An exemplary activatable adhesive composition may compise a solid fusible epoxide 
prqjolymer compiising a diglycidyi ether of Bisphenol A alone or in combination with a 
diglycidyi eftier of Bisphenol A or Bisphenol F or ablend thereof. The activatable adhesive 
comnositiott is a solid at room t^itpemture after the addition of any optional components, 
25 more preferably the epoxide material (con«>iising single or multiple epoxides) is a solid at 
lOom temperatuze. 

a 

Urethane Matenals 

The tenn "urefliane materials" as used herein applies to polymeis made from the reaction 
30 product of a conipound containing at least two isocyanate groups (-N.dbd.C.dbd.O), referred 
to herein as "isocyanates", and a compound containing at least two active-hydrogen 
contaimng group. Examples of active-hydrogen containing groups include primary alcohols, 
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sGcaiiddty alcohols^ plienols and watef; and prtmaiy and secondaiy anuncs (which t^act with 
the isoQyanate to foxm a wea Ihikage). A wide vmefy of isocyanate-tentdnated matedals 
and appropriate co-reactiuitjs ate well known, and many are commercially available (see for 
example, Gunter Oertel "Polyorethane Handbook", Hanser Publishers, Munich (1985)). 



In Older to prepare storage-stable bondable layers based on mefhane matmals it is pxefefable 
to use either an isocyanate or an active hydiogezi'-containing eompotkod that is blocked. The 
tenn "blocked" as used heram refers to a compound that has been reacted with a secsond 
compound (i,e. "bloc]dng groiip") such that its reactive fonctionalil^ is not available xmtil 

10 such time as &e blocking group x$ removed, for example by heating, or by fiath«r reaction, 
such as with water. Examples of blocked isocyanates include those that have been co- 
reacted with ph^iiDl, methyl cth^^ kctoxhnc, and qpsilonrcaprolact&m. Examples of blocked 
active-hydrogen contaiEung compounds include aldehyde or ketone blocked amines Qmown 
as ketkmnes); aldehyde blocked aminoalcohol (known as oxazolidines); and amines that 

1 5 have been oonzplexed with a salt such as sodium chlozide. 

When blocked isocyanates are used, examples of suitable co-reactants include polyether 
polyols such as poIy(oxypiopylene) glycols, ethylene oxide c^ed poly(oxypiopyiGne) 
glycols, and polyCoxytetrametfayl^e) glycols; diamine poly(ox3ipropylene) glycols; aromatic 

20 amine tecminated poly(propylene ether) glycols; styrene-aoiylonilrile gtaft polyols; 
poly(oxyefhylene) polyols; polyester polyols such as polyglycol adipates, polyetibtylene 
terephthalate polyols, andpolycaprolactone polyols; pol}4>utadiene polyols^ hydxog^nated 
polybutadiene polyols, polythioetherpolyols> silicone carbinol polyols, polybutyleno oxide 
polyols, achylic polyols, carboxy-ftnctional polypropylene oxide polyols, carboxy functional 

25 polyester polyols; and aromatic amine-tenninated poly(tetrahydro£uran). Suitable methane 
resins include blocked uretbanes such as Hiat available under the tiade designation "Adeka 
Resin QR-9276" from Asahi D^a Kogyo £. K. Tolgro, Japan, and uietbane modified 
epoxides such as that available under the trade designation "Rutapox V£ 2306" &om 
Rutgers Bakelite GmbH, Duisbuxg, Gexmany^ 



Cyanate Ester Materials 

Suitable cyanate ester materials (monomers and oligomers) are those havmg two or more - 
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OCN fenctional groups, including those described in U.S. Pat No. 5,143,785, incoiporated 
liei^in by reference. Examples of suitable cyanate ester compounds include tbe following: 
1,3-tod 1,4-dicyanatobenzene; 2-tert-butyl-l,4-di<granatobeDzene; 2,4-dimetliyl-l,3- 
dicyanatobenzeae; 2,5-di-tert-butyH,4-dicyanatobenzene; telxametiiyl-1.4- 
5 dicyanatobenzene, 4-chloio- l,3«dicyanatobenzene; l,3,5«>tricyanatobenzene; 2,2, -or 4,4, - 
dicyanatobiphenyl; 3,3^ 5.5>tetramefhyl-4,4\-dicyariatobiphe^ 1,3-, 1.4-, 1,5-. 1,6-, 1,8-. 
2,6-, or 2,7-dicyanaton^hthalene; 1,3,6-tricyanatonaplithalraie; bis(4- 
cyanatophenyl)methane; bis(3-chloro-4-cyanatophenyl)methane; bis(3,5-dimethyl-4- 
cyaiiatophenyl)methaae; l,l-bi5(4K;yanatophsnyl)etbaiie; 2,2-bis(4-qy«natophenyl)pK)pane; 
10 2,2-bis(3,5-dfl)K>mo-4-cyanatophenyl)propane;2>bis(4-cya^ 

hexafluoxopxopane; bi5(4-oyanafophenyl)etti6n W5(4-cy?Pxa*q>henox>phenoxy)benze 
bis(4-cyanatopthenyl)keilnne; bis(4-0yanatophenyl)lMoether; bis(4-cyana£opbienyl)&uIfon^, 
tris(4-cyanatoplica]yl)p]b^ and tris(4<yanatophenyl)pho5phate, P olyigranate 
compotinds obtained by xeacting a ph^ol-fonnald^fayde precondeosate mfk a halogenated 

15 oy^de are also suitable. 

Otbeir suitable materials include cyanic add esters derived fiom pbenolic resins as described 
in U.S Pat No. 3,962,184, cyanated novolac resins derived &om novolac resins as described ; 
in U.S. Pat No. 4,022,755. cyanated bisphenol-^e polycarbonate oligomeis derived fiom 

20 biephenol-lype polycarbonate oligomers as described in y,S, Pat No. 4,026,913, cyanato- 
terminaied polyaiylene ethers as described in US, Pat No. 3,595,900, dicyanate esters firee 
of oxtho hydiogcgQ atoms as described in US. Pat No. 4,740,584, mixtures of di^d 
tricyanates as described in US. Pat No. 4,709,008, polyaioraatic cyanates containing 
polycyolic aliphadcs as described m US. Pat No. 4,528,366, fluorocarbon cyanates as 

25 described in US. Pat No. 3,733,349, and other cyanate compositions as described in US. 
Pat No$- 4,195,132 and 4,1 16,946, all of which are incorparated herein by reference. An 

■ 

exemplary commercially available material is a cyanate ester available £rom Ciba 
Performance Polymers, Brewster, N.Y. under the trade designation "Quatrex 7187", 

30 Phenolic Matmals 

Suitable phenolic ii^ins ate generally described in Encyclopedia of Polymer Science and 
laigiaeerinfe Volume 11, John Wiley & Sons, Inc. (New York, 1988), pp. 45-92; Phenolic- 
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based zesms are gm^ly described in Alphonsus V. Pocius, Adhesion and Adhesives i 
TechnolQgy: An ]iitcoducfion> Hmser Publishers (Nw York 1997), pp.l85-J88- Pxefesned 
phenolic lesins lhat can be used to impiegaate a sheet which is suitable to prepare hot press 
Iaxmn9ted products fiom wood veneers are discussed in U.S. Pot No. 1,960,176, 
5 incorporated herein by refer^ce. Suitable phenolic xnaterials are those made as the reaction 
product of phenols and fonnaldeh^es, inckding resole phenofics and novolac phenofics. 
Bxaxnples of ph^ols include phenol, resorcmol, paxa^substituted phenol, cresol, and the 
reaction product of bisph^ol A and the monog^yddyl ether of bisphenoi A* Exemplary 
phenolic-based bondable layers inchide tissue paper impregnated with a thennosetting 
10 phenolic tesin at a ratio of approximately two parts re$in to oiae part tissue paper 
commezxpidlly available under the trade designation "Phenolic Glue Kim" fiom Dyno 
Overlays lno». High Point, N-C 

Resole phenolic resms are characterized by being alkaline catalyzed and having a molar ratio 
IS of fbrtnaldehyde to ph^ool of greater than or equal to 1:1. Typically, the ratio of 

formaldelr/de to ph^l is withm a range of about 1:1 to about 3: 1. £xan)ple$ of suitable 
alkaline catalysts for preparing resole phenolic teams include sodium hydxosdde, potassium 
hydroxide^ organic amines, or sodium carbonate. 

20 Novolac phenolic resim axe (^acterized by being acid 

m 

of formaldehyde to phenol of less than 1:1. TypicaUy, the ratio of fonnaldehyde to phenol is 
within a range of about 0.4:1 to about 0.9:L Examples of the acid catalysts used to prepare 
novolac phenolic xe$in$ include sulfuric^ hydrochloric, phosphodc, oxaUc, or p- 
toluenesulfonic acid$. Although novolac phenolic resins are typically considered to be 

25 thennnoplastic resins rather than thermosetting resins^ they can react with other chemicals I 
(e.g., hexamefhylenetetraamine) to form a Aennoset resm. I 
'Bxamples of use&I commerdally available resole or novolac ph^olic resins include I 
" Varcum" from BTL Specialty Resins Corporation, Blue Mand^ HI.; "Arofene" from I 
Aahland Chemical Company. Columbus, Ohio; **Bakelite^' fipom Union Carbide, Danbuxy, I 

30 Conn.; and ^^Resinox'* fiom Monsanto Chemical Company, St LouiSj, Mo. I 
Suitable nitrile phenolic materials iuclude those made by including butadiene-nitrile I 
elastomers in novolac phenolic lesm^based materials. Examples of suitable nitrile phenolic I 
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based bondable layers that m oommercially available in film foim mclude those available 
j&om MumBsota Mining and Manufacturing Company C*3M"), St. Paul, Mrnn. under the 
trade designation "SM Scotch-Wdd Stniotwal Adhesive Film" and having the following 
"AF" designations: "AF 10", ''AF 30", "AF 31" and "AF 32", 

Bismal^de Materials 

Examples of soitable bismaleimide malOTab, also known as NJNT-bismaleimide monomera 
and prepolymers, indude the N^'-bismaleimides of l,2-6thanediamine, 1,6-hexanediamine, 
trimetfayH,6-hiexanBdiamine, l,4-benzen©diamiE^4,4»-me%lette-Ms(bQ3ZOT 2- 

10 methyl-1 Aben^eaediaminc, 3,3*-meaiylOTe^bis(beo2:ettamine), 3,3'-5uIfonyl- 

bis(benzenamine). 4,4'-sulfonyl-bis(benzeaaaiinje), 3^*-oxy-bis(benzenamine), 4,4'-oxy- 
bis(benzenamine). 4.4'-methylene-bis(cycidhexanamine), l,3-b€aiS5enedimethanamine, 1,4- 
benzenedimethanamine, and 4,4*-^cIohexanerbis(benzenamine) and mixtures thereof; Other 
N^N-bis-maleimides and their process of preparation are described in U-S. Pat Nos. 

15 3,562,223: 3,627,780; 3,839^58; and 4,468.497, aU of which are incorporated herein by 
refeirace. RepjBsentattve Kcaniples of comm^ially available bismaleimide materials 
include the series of mateials available ftom Shell Chemical, Houston, Tex. under the trade 
designation "COMFIMIDE" such as 4,4'-bismaleimidodiphenyi metibane ("COMPIMEDE 
Resin MDAB"), and 2,tf-bismaleimidotoluene ("COMPIMIDE Resin TDAB"), and fiom 

20 D^xtec/Qoantum, San Diego, Calif, under the trade designation "Q-Bond"* 

Curatives for XheEmosettmg Materials 

A thermosetting bondable layer preferably comprises a ihermosetting material and a otirative 
or ciirattves- The tetm "curative'' is used broadly to include not only those materials that are 
25 conventionally regarded as curatives but also those materials that catalyze or accelerate the 
leaction of the curable material as well as those materials that may act as both curative and 
catalyst or accelerator It is al$o possible to use two or more curatives in combmatioiL 

Preferred heat activated curatives for nse in the present invention ejchibit latent thermal 
30 reactivity; that is, fliey react primarily at higher temperatures (preferably at a temperature of 
at least 80° C-), or react at lower temperatures only after an activation step such as exposmre 
to actinic radiation- This allows the adhesive composition to be readily mix:ed ai^d coated at 
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room temp^ature (about 23.+-.3'* C.) or with gentle wanning without activating tlie curative 
(i.e., at a temperature that is less than the reaction temperature for the curative). One skilled 
in the art would readily understand which curatives aie appropriate for each class of 
themiosettiiig materials. 

S 

Suitable curatives for epoxide polymerization inchide polybasic acids and their anhydrides; 
nitrogen-containing curatives; chloro-, bromo-, aad fluoio-containixje Lewis acids of 
aluminum, boron, antimony, and titanimn; photochemically activated generators of protic or 
Lewis acids; and phenolic materials as described above. Exemplary polybasic adds and 
10 tiieir anhydrides include di-, tri-, and higher carboxylic acids such as oxalic acid, phthalic 
acid, terephthahc acid, succinic acid, alkyl substituted succinic acids, tartaric acid, phthalic 
anhydride, succinic anhydride, malic anhydride, nadic anhydride, pyromellitio anhydride; 
and polymerized acids, for example^ those containing at least 10 carbon atoms, such as 
dcdecendioic acid, 10,12-eicosadimdioic acid, and the like. 

15 

Nitrogen-containing curatives include, for example, diqyandiamide, imidaisoles (e.g. 
hexaki5(imidazole) nickel phthalate), imidazolatesf, dihydiazides (e.g. adipic dfliydrazide and 
isophthalic dihydrazide), ureas, and mdamines, as well as encapsulated aliphatic amines 
(e.g., diethylenetriamine, triethylenetetraamine, cycloihexylamine, triethanolamine^ 

20 piperidine, tetramethylpiperamine, N,N-dibutyl-l,3-propane diamine;, N,N-4iethyH,3- 
piopane diamine, l,2-diamino-2-methyl-propane, 2,3-diamino-2-methyl-butane, 2> 
diamino-2-methyl-pentane, 2,4-diamino-2,6-dimethyl-octane, dibutylamine, and 
dioctylamine). The term "encapsulated" as used herein means that the amine is surrounded 
by a material that prevents it from acting as a curative until the application of heat Polymer 

25 bound amines or imidazoles may also be used. Pyridine, benzylamine^ 

benzyldiraethylauoaue, and diethylaniline are also useful as heat activated curatives. 

Examples of nitrogen-containing curatives include those commercially available ftom Air 
Products, AUentown, Pa., under the trade designations, "Amicure CG-1200'', "AMICURE 
30 CG-1400", "Ancamine 2337", "Ancamine 2441", "Ancamine 2014"; and those from Asahi 
Denka Kogyo KL K. Tokyo, Japan, under the trade designations "Ancamine 4338S'' and 
"Ajxcamine 4339S"; those Scorn CVC Specially Chemicals, Mapleshade, NJ., under the 
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trade designations "Omicure U-52" aad "Oraicure U-4I0" as well as the other materials in 
the "Qmicure" sedes; those fiom Laadec, Menlo Park^ Calif, tmder the trade designations 
"fotallimer 7001", "Intellimer 7002", "iDteUimer 7004", and TBitellimer 7024"; those fliom 
Shikoku Fine Chemicals^ Japan, and sold by Air Products, as the series of materials 
5 available under the trade designation "Curezol"; and those from Ajinomoto Company Ihc^ 
Teaneck, N J., as the series of mat^als available under the trade designation "Ajicure". 

Exemplary chloro-, bn>mo-, and flaotD-containing Lewis adds of aliinnnuni> borotH, 
antimony, and titanium include aluminum tdchloiide, ahuninmn ttibromide^ bozon 

10 trifliioride, antimony pentafluorid^ titanium tetcafluoxidei, and the lika Preferably, these 
Lewis acids may be blocks to increase <he latenn^y of the theunosetting matecial. 
Rep](esentative blocked Lewis adds include BF3 ^ono6th;^jamine, and the adduots of 
HSbFs X in which X is halogen, -OH, or -OR' in which is the residue of an aliphatic or 
aromatic alcohol, anilme, or a derivative tihk^wfi as described in tI.S. Pat, No. 4503,21 1 , 

15 incorporated herein by refeienca 



Suii^le photoctaemically activated curatives for q)Oxide polymerization include catlomc 
photocatalysts that generate an acid to catalyze polymerization. It should be understood that ' 
the term "acid'' can include either protic or Lewis acids. These catiaoic photocatalysts can 
20 include a metalloeene salt having an oniinn cation and a halogen containix^ complex anion 
of a metal or metalloid. Other usefbl cattonic photocatalysts indude a metalloc^e salt 
having an oi^ganometallic complex cation and a halogen-contabing complex anion of a 
metal or metalloid which are fiirth^ described in U.S. Pat. No. 4»7S 1,138 (e.g., column 6, 
line 65 to column 9, line 45). Other examples of useful photocatalysts include 

• ^ 

25 orgsnometalUc salts and ouium salts, for example those described in U.S. Pat No. 
4,985,340 (e.g., coL 4, tine 65 to col. 14, line SO) and in European Patent Applications 
306,161 and 306^62. Still other cationic photocatalysts include an ionic salt of an 
organometalUc complex in which the metal is selected from the elements of Periodic Group 
IVB, V13, VIB, VI 1 13 and VIDB which is described in European Patent Application 

30 109,581. A suitable photochemically activated curative is a curative commercially available 
fiom Ciba-Geigy, Hawthorne, N.Y. under the trade designation "Irgacure 261 
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Suitable curatives fonirdthane materials include the nittogeii-cQiitaimng curatives as 
described for n&e wiQi epoxides (which can xeact vnfh a blocked isocyanate isoc^/anaf e gtoup 
afterlbe debloddng reaction to give aurea) as well as, for example, mat^dals contaimng 
hydroxyl (eg., phenols) or thiol fenctionali^ tihat can react vpitii the deblocked isocyanale. 
5 Ehotochemically activated generatois of protic or Lewis adds caa be used to ei^ance these 
reactiozis. 

Suitable curatives for cyanate ester materials include the xutrogen-cozxtaimng curatives as 
described Son use with epoxides as well as curatives that may be theatnally or 

10 photochemically activated. Examples of such curatives im^lude otganometallio compounds 
containing a cyclopentadienyl group (C5 H5) and derivatives of a oyclopentadienyl group. 
Suitable curatives iuclude cyclopentadienyl iron dicarbonjl dim^r ([C5 H5 Fe(C0)2 
pentamefib^cyclopentadienyl iron dicarbotij^ dimer ([C5 (CH3)5 Fe(CO)a Ja), 
metiiylcyclopeatadienyl manganese tticarbonyl (Cs H4 (CIib)Mh(CO)jX cyclopentadieziyl 

X$ manganese tncarbonyl (C5H5 Mn(pO)z\ all of which are available fiom Sftem Chemical 
CompazQr, Newbuxypoit^ Mass. Oth» suitable curatives include the hexafhiorophosphatd 
salt of the cj/clopentadienyl icon mesitylene cation (Cs H5 (mesitylene)Fe.sup.+ PPe), aod the 
trifluoromethanesulfonate salt of the pyclqpeiitadiQayl iron mesitylene cation (C^ H$ 
(mesitylene)Fe.sup.+ (CFa SQa-sup.-)), both of which mssy be prepared by methods 
20 described m U.S* Pat No^ 4,868^88 which is ixtcotporated herein by ref^ence. 

« 

Suitable curatives for ph^oUc materials and for nitrile phenolic materials include 
hexamethylene tetraamine (a latent source of foimaldehyde) as well as combinations of 
organic acids (e.s. phosphoric add, pam toluene sulfonic acid, and salicyhc acid) and 
25 metallic oxides (e.g. zinc oxide and magoesium oxide). 

Suitable curatives for bismaleimidc materials incbide the nitrogen containh^g curatives as 

described for use with epoxides as well as latent sources of allyl phenol. 

" ■ • ■ 

• ' • 

30 Thermoplastic Materials 

la an alternative embodiment^ (he activatable adhesive composition may be based on a 
themoLOplastic material. Suitable thermoplastic materials include, for example, polyesters. 
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eth:^en6 vinyl acetate (EVA), polyurethanes. polyamides, polyolefina, and derivatives 
thereof. Tlic tran "derivative" as wed hm with reference to thennoplastic materials refers 
to a base molecule with additional substitMents that are not reactive towards a aossliiddng 

or polytnerization leactioiL 
5 Thennoplastic materials, by nature, typically do not require curatives. 

Hybrid Materials 

Ah)*ridmateiial isacornbinatioaof atleasttwo components wherein the at least two 
con^oaents are compatible in the melt phase (the nielt pbaae is where the combujation of 
10 at least two ctKnponsntB is a Kquid), the at least two components form an 

inteipraxetratiiag polymer netwodc or semi-inteipenetrating polymer network, and at least one 
componeait hecomiBs in&sibk (i.e.. the component cannot be dissolved or melte<^ aftw 
application of heat or by ofter means of curing sudi as i^lication of light A first 
componait isacrosslink^lematerialandasecond component is (a^ a themioplastic 
material, (b) monomers, oligomers, or polymers (and any required carative) which can form 
a thermoplastic material, (c) a thermosetting material, x.a, monomers, oligomers, or 
prepolymers (and any required curative) which can form a thermosetting material The 
second companant is dwsen so that it is not reactive with the fii^t component It may be 
dfisiraWe, however, to add a third component which may be reactive with either or boA of 
fte crosslirilcabte material and second component for the pinpose o^ for example, inoreasmg 
tire oobBfflve strength of the bondedhybrid mahaial. 



13 



20 



Suitable fc«t components include thermosetting materials, for example, the thennosetting 
materials described above, as well as ctosdinkable elastomers such a$ a«aylifis and methanes 
25 as desoibed above. 

■ 

Suitable thsrmoplastio second components include those thennoplastic materials described 
above. Suitable thomoplastios which can be formed in situ, i.e.. with monomers, oligomeis, 
or polymers (and any required curative) which can form a thermoplastic material wiHiout 
30 uodeigoing any sigDifioant crosslinking reaction would be readily apparent to one sldUed to 
the art Exemplary hybrid materials incoipoiating a second component (a) are described, fcr 
example, in PCT/EP98/06323; U.S. Pat No. 5.709,948, and U.S. Ser. No. 09/070,971, all of 
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whidi are incorporated herein by iiBfeimcaExempIaiyhybrid^^^ 
second compouent (b) are described, for example, in U.S. Pat No. 5,086,088, which u 
incorporated herem by reference. Example 1 of U.S. Pat No. 5,086,088 iUii$(iafe$ m 
exanqjle of a thermoplastic material formed in situ. 



a 



Suitable thennosetting second conaponcnts include those themjosettlng mandate de30tibed 
above. Excmplatyhybridioatfiriak incorporating asecQ»d component (c) are described, for 
example, inU.S. Pat. No. 5,494,981, which are incorporated herein by lefeteoce. 



as 



10 AparticularlypreferiedactivatableadhesivecQrnpoalmisaa 

disclosed inUS 6,506.494. in this embodiment, the activatable adhes^e composilion 

coinprises: 



IS 



20 



an 



A an epoxy tesin capable of being cured to a cured epoxy cesm when exposed to 
activated latent curative system; 

B. a latent curative system in an amount sufficient to cure said q)oxy lesin, comprisine (a) at 
least one epoxy resin misdWe first curative comprising a latent hardener, selected ftom 
dioyandiamide and its derivatives, contained substantially as a core within a multipHchy of 
ambiettt-iemperatare-stablc^ impermeable microcapsules having capsule walls comprised of 
a thennoplastic polymeric material and (b) at least one epoxy resin latmt second curative 

coopdsing a latent awelerator which is a metal imidaa»Iateco«?K)n^ Ihemetal 
imidasolate may he a compound of Qie fomiula: 



25 wherein MisametalsdedBd&mthegiottpof Ag®, Cu(0.Cu(n).ed(I0,2ii(n).HgC^ 



L is an imidazolate of (he fomnila: 




wherein R^ R^. and R' are selected fiom a hydrogen atom, an alkyl radical or aryl radical 
30 and m is the valence of M. in an amount sufficient when activated to cure said epoxy resin 
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The invention is iurther illnsliated with reference to tbs Mowing examples without 
however intaiding to limit tiie invention thereto. 



5 EXAMPLES 



Preparation of Test Assemblies 



10 



For tbe test assembly preparation , med in aU tests with exertion of the side impact test, hot 
dip galvanized steel panels (available as HDG70G70U 6om ACT Laboratories Jna, 
Hillsdale, Afichigan, USA) were selected. The steel panels were first dipped in a tank 
filled with MEK CMethyl E%1 Ketone) solvent and then fheir steel surfaces cleaned wifli 
eitfaerpaper towels or lint-free cloths. Panels were then allowed to diy at loom tempemne 
(23 +/- 2 "C) §or 30 minntes before asseoibling them with adhesive sheets. 



15 



20 



For the side impact test assembly preparation 1 .6 mm thick aluminium panels (available as 
2024T3 from Q-Panel Products. Cleveland, Ohio U.S.A) were selected. Ihe almninium 
panels wert. first treated with 3M Scotchbrite™ 7447 unta a constant surfece appearance 
was obtained. This was feUowed by a wipe with isopropyi alcohol using either paper towels 
or lint-fiee cloths. Panels were then allowed to dry at room temperature (23 +A 2 "c) for 30 
minutes before assemUing then with adhesive sheete. 



2S 



Test Methods 



A. Te!stsonnaeuredadhai dvematar^ fl]g 



TempBrafi>.; e Resistance 



An adhesive sheet (25.4mm x 25.4 mm) as described was placed between two 0.8 mm (0.30 
inch) thick zinc hot dip gahranized steel panels. Each oftfaese test assemblies weie pushed 
30 together 1^ hand and conditioned at 23»C and 50% relative humidity for 24 hours before 
testing. 
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30 



in/nm). The test was conducted in an identical manner for samples aligned in the macImM 
direction (MD) and cross web direction (CD), 

Tests were rapeated fbtee times oa each dtoction and Oife results avenged. Results were 
recorded ia PSI (pound per square ioch), 

T- Peel Adhesion 



ve 



An adhesive sheot (25.4 mm x 76,2 mm) as described onder the Examples and Comparati 
10 Examples was placed between two 0.8 mm (0.30 inch) thick zinc hot dip galvanized sted 
panels. Each of these test assembUes were pushed together by hand and conditioned at 23*C 
and 50% relative humidity for 24 hours before testing. 

The test assembUes were placed in a forced air oven and the teinpeKrtqie was raised to 180 
IS "C according to the following progcammed profile: 

w 

• The oven ten^jerature was ramped to 40 in 1 mimites and held at 40 for 1 
minute 

• Hie oven temperatuce was forthex increased to 180 in 10 minutes and held at 
20 180°C for 20 minutes 

• The oven temperature >m then deaeaaed to 40'C in 5 minutes and the curing 
cycle of the adhesive was completed 

The cured test assembHes wete conditioned at 23''C and 50% relative humidity for 24 hours 
25 prior to testing. 

T-i)eel adhesion was conducted acooiding to Test Mefhod ASTM 1 876. The cared test 
assembUes were subjected to a T^ed measurement usmg a tensite tester with a crosshead 
speed of 50 mm / min (2 in. Anin). The test was conducted in an identical mamier for 
samples aligned in the machine direction (MD) and cross web diiectio» (CD). 
30 Tests wererepeated three times on each direction and the results averaged. Results were 
recorded in ?rw (pound per inch wide). 
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Impact Resistance 

Am adhesive sheet (2Smm X 25Tom% coveted by a release liner (25 mm X 40 mm) having a 
16 mm diameter hole in its center* was placed between two 1 .($ vm thick alvuninimn 
5 2024T3 panels. 

Each of the test assemblies were pushed together by hand and conditioned at 23*C and 50% 
relative humidity for 24 hours before testing. 

The teat assemblies vrare then placed in a forced air ov«i and the temperature was raised to 
10 1 80 ""C according to the following programmed profile: 

• The oven tenqjerature was ramped to 40 in 1 minutes and held at 40 fori 
minute 

• The oven temperature was futther increased to 1 80 in 1 0 minntes and held at 
15 1 for 20 minutes 

. • The oven temperature was then decreased to 40*^0 in 5 minutes and the curing 
cycle of the adhesive was completed 

The cured test assembly were conditioned at 23*'C and 50% relative hnmidily for 24 hours 
20 prior to testing . 

The impact test was conducted according to General Motors Exigmeeruig Standard 
GM 975 IP, with a slight modification in the test assembly preparation being the addition of 
the 25mm x 40 mm release liner with a centred hole of 1 6 mm diameter 
25 As a result of this modification the joint area tested in rotational shear impact was 16nim 
diameter giving a contact area of 201,06mm^. The typical impact resistance of a high nnpact 
adhesive for tiiis size of joint is commonly about 5.75J- 

30 ^crvlic Pres stire>Sensitive Adhesives 

• The acrylic pressure segasitive adhesives (PSA) used for the examples are all commertsially 
available from the 3M Company (St Paul, MN/USA). 
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VHB 9473 is a veiy §m, clear acrylic transfer tape, having an average tapd thickness of 
0.25£nin and a liner thickaess of 0.1Qmm. Hie adhesive vrill resist mild acids and allcalis, 
most oils, grea^ies, hydraulic fluids atid other fypical atomatic and aliphatic hydrocarbon and 
5 ketone solvieiits .The 1 80*" Peel adhesion to steel, measured according to ASTM D-3330, 
averages 142 N/lQmm and Static Shear Strength to steel mea$uted with 3,23 $q cm overlap 
at RT ^ according to FINAT test method No.8;, results in a feilure time > 1 0.000+ minutes. 

VHB 9469 is a veiy fim, clear aczylic transfer tape, having an average tape thickness of 
10 0.13 mm and a liner thickness of 0, 1 Qmm. The adhesive will resist xaM acids and alkalis, 
most oils, greases, hydraulic fluids and other typical aromatic and aliphatic hydtocaibon and 
ketone solvexits .The 1 80"^ Peel adhe^n to steel, measured according to ASTM D-3330, 
avejiages 13. 1 N/lQmxn and Static Sbear Strength to steel measured with 323 sq cm overlap 
at ST, acoordixiig to FINAT test method No«8» results in a &ihne time > 10.000+ nciinutes. 

15 

VHB 9472LE is a clear, high str^igth acxylic transfo tape, having an arverage tape thickn^s 
of 0,13 mm and a liner thickness of 0.10 mm .The fecial acrylic adhesive of this tape 
shovi^ good adhesion values to oily surSm. Typical 90^ peel adhesion values (in N/cm) 
according to ASTM D-3330 after 15 minutes dwell time at room temperature fiom stainless 
20 steel average 11.9 N/cm, 

VHB 4910 is a clear acrylic foam t&pe havmg an average tape thiolmess of 1.10 mm and a 
red fihu liner with a thickness of O.OSmm. The foam density averages 960 Ts/gpi\ The 90^ 
Ped adhesion to sted at RT with 72 br dwell time has a common value of 26 N/1 Qmm. 

25 

VHB 4950 is a white acrylic fi>am tape having an average tape thickness of 1 .0 mm and 
liner with a thickness of 0. 1 3mm. The foam density averages 800 k/gm^. The 90"" Peel 
adhesion to steel at RT with 72 hr dwell time has a common value of 44 N/1 Qmm 

30 EnoxvFihn Adhesive 
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The green, stcuctaral adhesive film SAP™ 6045 is a modified epoxy film adhesive and is 
commercially available from the 3M Corapaoy (St. Paul, MN/USA). 

SAF" 6045 has a nominal thidcness of 0.3 with % solids of the non-cured adheave bemg 
5 about 98+%. 

Typical overlap shear vahies measated initial at 23°C, after having the sample cwed at 
1 65°C for 1 5 minutes plus 10 minutes oven ranq?, are depending on the substrate, between 
153 MPa and 19.0 MPa. 

1 

10 Example 1 
■ 

A 1 meter wide w* of acrylic pressare-sajsdtive adhesive QPSA) ttan$f«^ havmg a 
thickness of 0.25 mm, commeicialty available as VHB 9473 from 3M Conchy (St PanI, 
MN/USA). was placed between two continnoas fiilicooized p^et liners (an upper liner and i 
15 lower liner). The sheet thus prepared was scored wilii a rotary die oittmg process so as to 
provide multiple cuts in a down-wcb direction to a depth such the upper liner and the 
transfer tape were sevaed conqdetely and only the lower liner remained intact. Ibe down- 
web cuts ware provided at intervals of 6.4 mm (IM inch). 

20 Every second PSA strip (and its associated upper liner) was tfaea removed and discarded. A 
contimwus lower Imcr remained bearing 6^ mm (1/4 kch) wide strips of PSA t^e spaced 
6.4 ram (1/4 iacb) apart Each remaining PSA strip was protected on its upper surfiice by a 
temaimng ship of uppear liner having the same dimensions as the vppesr surface of the PS A 

strip. 

25 

The web ttien was passed between two rolkrs and compessed sligbfiy. 
The ^aces between the PSA tape strips were then filled with a thennsdly-ourable epoxy 
structural adhesive con«»ositian available commercially as SAP 6045 from 3M ConQ)any, 
St Panl, MN/USA The epojiy conq>ositian bad a viscosity of about 394 Pa-s at a 
30 temperataie of ca. 90 
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Heated structural adhesive was filled into tiie gaps between the PSA strips rising hot-melt 
knife coaler. The web prepared above was fed to the coater with the 1»S A strips oriented in 
ae down-web duTBCtion. The on the coater was set at a Ihidmess roughly equivalent to 
that of the combined thtckness of the continuous lower liner, the PSA strip and its upper 
5 liner. Thus ttie spaces between the PSA strips were filled with structural adhesive, but 
virtodly no structural adhesive was coated on t(q) of the li^^ This resulted hi 

the spaces between the PSA strips bekg completely filled with structural adhesive, i* a so 
that the upper sur&ce of the resulting striped adhesive composite was roughly planar. 

10 The remaunng upper Imer strips wet© aen removed Smu the upper surface of the PSAt 
leavmg a striped adhesive coocwpofiite supported on a continuous Unew. A second continuous 
Imer was then placed on top of the composite ^beet The composite adhesive tape has a 
thickness of ca. 300 |im (io-i4 laite). The portion of the web autfece area comprismg PSA 
was SO % and the structural adhesive comprised 50 %. 



15 



20 



The adhesive composite was then tested according to &e m^ods described under test 
Methods above. Test results are shown in Table 2 

;E3f:ainple 2 



Example was repeated with the exertion that an alternate version of acrylic pressure- 
sensitive adhesive tape was employed: VHB 491 0, a pressure-sensitive adhesive tape i 
3M Company, gt. Paul, and MN/USA. 



25 The resulting striped adhesive composite had aflrickness of ca. 1 100 [im (4045 mils). The 
portion of the web surface area comprismg PSA was 50 % and 1h© structural adhesive 
comprised 40 %. 

Test results are saxumatized in Table 2. 
30 Bxample 3 
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Exampld was repeated with the exception that an alternate version of acrylic pressiure- 
sensitive adhesive t?qpe was employed: VHB 4950. pressure sensitive adhesive foam tape 
fiom 3M Company, St. Paul, and MN/USA, 

The tape composite had a fhidkness of ca. 1 1 80|im (45-48 mils). The portion of the web 
5 surface area comprising PSA was 50 % and the stcoctural adhesive comprised SO Vo. Test 
results are summarized in Table 2 



10 A continuous sheet of ac^lic foam pressure-sensitive adhesive tape (VHB 4950) protected by 
a contioixiou3 upper liner and a continuous lower Hner was subjected to a rotary die cutting 
process- CSrcles having a diameter of 9,6 mm {3/S hxik) were cut into the liner-PSA -liner 
construction so that the lower liner remained intact The cut '"plugs" were thetn removed. 
The hples formed by this process were then filled with the structural adhesive material 

IS described in Example 1(SAPW5) by a hot melt process. The portion of the web surface 
area comprising PSA was 55 % and tfae stmctuial adhesive comprised 45 %. The composite 
had a thickness of ca. 1200|jm (45*48 xvSk). 
Test results axe summarized in Table 2. 



20 F^vflmplej; 5^6 

ExamplBs 5-6 were prepared in manner essentially the same as Example 4 with the 
exception that an acrylic pressures-sensitive adhe^ve t£^ having a 12.5 jim (0.5 mil) thick 
intennediate layer of aluminium fbil embedded in the tape was employed as a starting web . 
25 This pressure-sensitive adhesive tape is available as VHB 9469 (from 3M Company, St. 
Paul/MN,USA). 

Both Examples 5 and 6 comprised dots or plugs of structural adhesive in a PSA matrix. 
There was no aluminium foil in the stractural adhesive "plugs", ha Example S, the 
Structural adhesive "dots" had a diameter of 6.4mm (% indi) and occupied 20 % of the total 
30 surface area of the composite. In Example 6» the stmctural adhesive Mots" had a diameter 
of 6-4 mm i'A inch) and occupied 40 % of the total surfece area of the composite. The 
composites had a thickness of ca. 300 ^m (10.5 - 14.5 mils). 
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Test results are smaximz^d in Table 2. 
Examples 7-8 

5 Examples 7 and 8 were also prepared using the acrylic pressure-sensitive adhesive (PSA) 
tape comprising a 12.5|im <o^ mii) thick aluminium foil. Both Examples 7 and 8 employed 
the altemating strip pattern of pressure-sensitive adhesive (PSA) and structural adhesive of 
the genial geometry described in Example L The PSA stripes were 15,9 mm wide in 
Bxan^le 7 and 20,6 mm wide in Bxample 8. Area occupied by the structural adhesive was 
10 60 % and 80 %, respectively. 

The composites bad a Ifaickncss of ca. 300 \m (lO^ - 14^ mils). 
Test results are summarizoi m Table 2. 

Comparative Example 1 
15 Structural adhesive alone. Formed a good structural bond, but had no temperature 
resistance. 



Table! 



Example 


Type 


Surface area, % 


PSA Tape etuployed 






Pie^are-s^isitive 
adhesive 


Structural 
.adhesive 




1 


Stapes 


50 


50 


3MVHB9473 


2 


Snipes 


SO 


50 


VHB4910 


3 


Stripes 


50 


50 


VHB49S0 


4 


Spots 


55 

• 


45 


VHB4950 


5 


Spots 


80 


20 


VHB9469 


6 


Spots 


60 


40 


VHB9469 


7 


Stripes 


40 


60 


VHB9469 


8 


Stripes 


20 


80 


yEm9469 


CI 


N/A 


0 


100 


$AF6045 



N/A =' not applicable 

20 
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Example 


Temp. Reastance 


Ov^k^ Shear (psi) 


T-Pee 


1 aidhesion 


(piw) 




Load 
(kg/in*) 


Hold 
time 
(inm) 


CD 


MD 


Avg 


CD 


MD 


Avg. 


1 


1.0 


20 


1134 


1387 


1260 


29.1 


25-1 


27.1 


2 


0 


5 


^2 




"lio" 


" 33.5 


25-2 


29-4 


3 


0 


5 


957 


S6S 


761 




22 4 


25.3 


4 


0 


5 




901 


947 


28.S 


26J 


27.6 


5 


2.0 ^ 


>1440 


757 


651 


704 


13J 


15.4 


14.5 


6 


1.5 


>1440 


1052 


1141 


1097 


22.1 


24.1 


23.1 


7 


1.0 


>1440 


1215 


1833 


1524 


32.1 


28.0 


30.1 


8 


0.5 


>1440 


1313 


1941 


1627 


32.8 


37.5 


35.2 


CI 
















•4 



The te$t results shown in table 2 unply, that flie fractional di£fer«xce between Examples 
1-4 veistts Examples 5-8, is the stnmgly improved temperataie lesaetance perfbxmanoe of 
Examples 5^. Exantples 5-8 all have m embedded aHmunium foil, whereas Examples 1-4 
wete made without alumiflium firiL This indicates that the ptesence of an metal foil layer 
ixniproves the temperature resistance performance significantly. 



10 



X5 



Example 1 was repeated With the exception that the Stripes of Vlffi 9473 were 9.6 mm (3/8 
iacW wide and the stmctaral adhesive only occmned 40 % of the total wnfice area. Two 
layers of this composite were then laminated to the opposite suifeces of an aluminhraj foil in 
such a maimer ibsst stripes of stractaral adhesive were lying directly opposite stripes of 
stnictural adhesive on the other Stt*ce. Stripes of PSA were also lying directly opposite 
other stripes of PSA. thus forming a striped composite with a continuous alumimmn foil 
interlayer. 

The composite had a thickness of ca. 600pm {20.5 - 28.5 mils). The geometry of the adhesive 
composite is summarized in Table 3. The adhesive composite of Example 9 was also tested 
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according to the methods described under Test Methods above. Test results aw summarized 
in Table 4. 



ExamolQ IQ 

5 Example 9 as repealed, with the exception that the pressure-sensitive adhesive (PSA) stripes 
had aMddtii of 12.7mm (4/8 inch) and the stnictuial adheshre only occupied 50 % of the 
total surface area. The composite had a thickness of ca. 600^m (20^ -28.5 nnis). The 
geomeby of the adhesive composite is summarized in Table 3« 
• The adhesive composite of Example 10 was also tested according to the methods desctibed 
10 imder Test Methods aboveL 

Test results are summarized m Table 4. 

Example 1 1 

Exanjpl© 9 as repeated, with the exception that the pressure-sensitive adhesive stripes had a 
15 width of 1 5,8 ram (5/8 inch) and the stmctuial adhesive only occupied 60 % of the total 

suifece area. The composite had a thickness of ca. 600 yon (20.5 « 28 Jf xnfls). The geometiy of ' 
the adhesive composite is summarized in Table 3. 

The adhesive composite of Exaix^ile 11 was also tested according to the methods described 
under Test Methods abovo. 
20 Test results ate summaiized in Table 4. 

■ 

Examples 12>*14 

Examples 9-1.1 were repeated, with the exception that when the composites wcie laminated 
to either side of the alunmuum foil, they were place m an arrangement so that strqies of 
25 stmctural adhesive were opposite stripes of pressure-sensitive adhesive, i, e. in a staggoxed 
geometric arrangement The composites had a thickness of ca. 600iim (20,5 -28.5 mils). The 
geometiy of the adhesive composites is summarized in Table 3, 

The adhesive composites of Examples 12-14 were also tested according to the methods 
30 described under Test Methods above. 
Test results are summarized in Table 4. 
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Tables 



Exanq^le 


•Type 


Surface area, % 


PSA e>r3>loyed 






Fiessure- 
sensitivd 
adhesive 


Stnictmal 
aidbe$ive 


• 


9 


Stripes, opposing 


60 


40 


VHB9473 


10 


Stripes, opposing 


50 


50 


VHB9473 


11 


Stripes, opposing 


40 


60 


VHB9473 


12 


Stripes, staggered 


60 


40 


VHB9473 


13 


Stripe^ Staggered 


50 


50 


VHB 9473 


14 


Stripes, staggea-ed 


40 


60 


VHB9473 



Table 4 



Bxaiople 


Temp. R^stance 


. Oveclap Shear (psi) 


T-Peel adbesioQ. 
(piw) 




Load 
(kgTra^) 


Hold time 
(min) 


CD 


MD 


Avg 


1 


9 


1.5 


M440 


630 


1090 


860 


24.1 


10 


1.25 


>im 


977 


1419 


1198 


25.1 


n 


1.0 


>1440 


1291 


1710 


1501 


30.5 


12 


1,5 


>1440 


186 


178 


182 


13,3 


13 


1.25 


>1440 


172 


255 


214 


14,8 


14 


1.0 


>1440 


889 


859 


874 


17.9 



As a starting web a continuous sheet of acrylic transfer pressuTB-sensitivo adhesive tape 
(VHB 9472LE, commeicially available firom 3M^ St Jaul MM) having a 12.5 ixm (0.5 mil) 
thick intermediate layer of alunmdum foil embedded in the tape was subjected to a rotary 
die cutting process. A continuous upper liner and a continuous lower liner protected the 
tape. 



5 



10 
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Cin5le$ having a diameter of 5.0 mm were cut into the liner-PSA Jiner construction so that 
the lower liner remained in tact. The cut -out circles were ttxm removed, leaving holes of 
5.0 mm diameter. The holes fonned by this process wesce then filled with the structural 
adhesive material descdbed in Example 1 (SAF 6045) by a hot melt process. Hole-to-hola 
5 centres were spaced to be 1 0 mm apart, using a hexagonal paddng form. The portion of (he 

web surfice area comprising PSA was 68% and the structimEd adhesive comprised 32%. 
The composite had a thickness of ca. 550 [nm. 

Side Impact Test results are smmoarized in Table 6. 
10 Comparativ e Kyfl-mplfji 2 

3M Structural adhesive film SAP 6045 alone. 

SAP 6045 is a modified epoxy film adhesive and is commercially available bom the 3M 
Company (St T?m\ MN/USA). 
15 Side Impact Test results are summaiized in Table 6. 



Table 5 





diameter, 
mm 

* 


Spacing 
between 
"dots"anm 


Sur&ce % 
Pressure- 
Sensitive 
Adhesive 


Sur&cd area % 
Stmctoial adhesive 


15 


5 


10 


68 


32 


C2 


N/A 


N/A 


0 


100 



N/A not applicable 



20 Table 6 





Resistance, 


15 


8.2 


C2 


2.0 
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Conclusion ^^^^ TTnpact Test : 

The result of tte slighfly modified Side Impact Test, based on GM 9751P, demonstrates a 
large impiovement of the impact performance in shear mode. 
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CLAIMS 



1. Adhesive tape for ionding components together, said adhesive tape comprising a 
5 continuous or discontixiuous metal layer having opposite first and second major 

sides, each of «aid fest and second major sides having an adhesive layer defining &i 
adhesive $iirfece on said first and second major sides, said adhesive layer on said 
fiist and second major sides comprising domains of pressure sensitive adhesive and 
domains of an activateble adhesive conqjosition, each of said domains defining a 
10 part of the suifece of the adhesive layer. 

2. Adhesive tape according to claim 1 wheiein said metal layer is selected fiom the 
group consisting of aluminum foils, zinc foils and steel foils. 

15 3. Adhesive tape according to claim 1 or 2 wherein said metal layer is discontinuous 
and supporting said domains of pressure sensitive adhesive. 



4. Adhesive tape according to any ofthepievious claims wherein 

activataWe adhesive composition in said adhesive layer on said first major side aie 
20 opposite to said domains of activataWe adhesive composition in said adhesive lay^ 

on said second major side. 

5. Adhesive tape according to any ofthe previous claims wherein said domains of 
pressure sensitive adhesive and said domains of said activataWe adhesive 

25 Composition togetfier define the total surface of said adhesive layer, 

6. Adhesive tape according to any ofthe previous claims wherein said activatable 
adhesive compositiQa is capable of being croa^linked upon e{xposnre to heat 

30 7. Adhesive tape acconling to any ofthe previoiis claims wherein said domaiiw of said 

activatable adhesive composition form spots within a matrix of pressure sensitive 
adhesive orwherein said domaiiis of pressure sensitive adhesive fom spots within a 
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matrix of the aclivatable adhesive composition. 

8. Adhesive tape ajccording to any of claims 1 to 6 wherein said donxaias of pressure 
sensitive adhesive and activatable adhe$iv6 composition define a pattern of stripes* 

5 

9, Adhesive tape ac(»jding to any of Ihe previous claims wherem 

sensitive adhesive comprises an aciylic pressure sensitive adhesive and/or said 
activatable adhesive comprises an epoxy resin. 



10 10. Method of adhering components of motor vehicle tDgefliei^ said method oonocprisizig 

(i) providing an adhesive tape between said components to be adhered together, said 
adhesive tape conoprismg opposite first and second major adhesive sor&ce, each of 
said £ist and second major adhesive sur&ce being defined by an adhesive lay^ that 
comprises domains of pressure sensitive adhesive and domains of an activatable 

15 adhesive composition, each of said domains defining a part of the sur&ce of the 

adhesive layer; and (ii) cross^linking said domams of activatable adhesive . 
composition. 

1 1. Method accoixling to claim 10 wherein said adhesive tape is an adhesive tape as 
20 defined in any of claims 1 to 9. 
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ABSTRACT 



An adhesive tape for bonding compommls such a$, for example^ in a motor v^cle. The 
adhesive tape comprises a contmuous or discontiaiuous metal layer having opposite first and 
5 secoind major sides, eadi of the first and second m^gor sides having an adhesive l^t 
defining an adhesive surface on the first and second major sides. The adhesive IsQner on the 
first and second major sides comprises domains of pressure sensitive adhesive and domains 
of an activatable adhesive composition. Each of the domains define a part of the surl&ce of 
the adhesive layer. A method of adhedng components of motor vehicles together. The 

10 method comprises (i) providing an adhesive tape bet^reen the components to be adhered 
together^ said adhesive t^e comprising opposite first and second major adhesive surface, 
each of said first and second megor adhesive sur&ce being defined by an adhesive layer that 
compzises domains of pressure sensitive adhesive and doxaains an activatable adhesive 
composition* each of said domains defining apart of the sur&ce of fixe adhesive layer; and 

15 (ii) cross'^lmking said domains of activatable adhesive composition. 
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